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INTRODUCTION 
Cancer remains one of the leading causes of death worldwide, with early detection and accurate prognostic prediction 

being critical to improving patient outcomes. Traditional diagnostic methods, including imaging and biopsy, are effective 

but often invasive and may not detect cancer in its earliest stages. Recent research has highlighted the potential of 

microRNAs (miRNAs) as non-invasive biomarkers for cancer diagnosis and prognosis. MiRNAs are small, non-coding 
RNA molecules that regulate gene expression by binding to messenger RNA (mRNA), leading to mRNA degradation or 

translation inhibition. Altered miRNA expression has been linked to various diseases, including cancer, where they 

contribute to tumor initiation, progression, and metastasis. 

This study aims to review the current understanding of the role of miRNAs in cancer, particularly their potential as 

biomarkers for diagnosis and prognosis, and how they could revolutionize cancer management in the future. 

 

MATERIALS AND METHODS 
Study Design: 
This is a systematic review of studies published from 2010 to 2023, analyzing the role of miRNAs in cancer diagnosis 

and prognosis. Studies included in the review were selected based on the following criteria: 
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ABSTRACT 

Background: MicroRNAs (miRNAs) are small non-coding RNA molecules 

that regulate gene expression and play crucial roles in cellular processes such as 

differentiation, proliferation, and apoptosis. In recent years, miRNAs have 

garnered significant attention for their potential in cancer diagnosis and 
prognosis. This study aims to explore the role of miRNAs as biomarkers for 

cancer detection, their prognostic value, and how they could be incorporated 

into clinical practice to improve patient outcomes. 

Methods: A systematic review was conducted analyzing studies published 

from 2010 to 2023. The review focused on miRNAs that have been identified 

as biomarkers in various types of cancer, including breast, lung, colorectal, and 

liver cancers. Data regarding miRNA expression levels, correlation with cancer 

staging, and impact on patient prognosis were extracted from 25 peer-reviewed 

articles. 

Results: Several miRNAs, including miR-21, miR-155, and miR-34, have been 

consistently associated with cancer initiation, progression, and metastasis. 

Higher levels of specific miRNAs were correlated with advanced cancer stages 
and poorer prognosis. Furthermore, miRNAs were found to be detectable in 

various bodily fluids such as blood, saliva, and urine, making them promising 

candidates for non-invasive cancer diagnostics. 

Conclusion: MiRNAs hold great promise as diagnostic and prognostic 

biomarkers in cancer. Their ability to reflect the molecular mechanisms of 

cancer, as well as their presence in easily accessible bodily fluids, positions 

them as potential tools for early detection and personalized treatment strategies. 

Further clinical validation is needed to fully integrate miRNAs into routine 

clinical practice. 
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 Inclusion Criteria: Peer-reviewed articles that discuss miRNAs in cancer diagnosis, prognosis, and their 

molecular mechanisms, published between 2010 and 2023. 

 Exclusion Criteria: Studies that did not report miRNA expression profiles or lacked clinical data on cancer 

patients. 

Data Sources: 
A comprehensive search was conducted using databases such as PubMed, Scopus, and Google Scholar. Keywords used 

in the search included "microRNA," "cancer diagnosis," "cancer prognosis," and "miRNA biomarkers." Studies were 

selected based on their relevance to the research topic and their focus on specific types of cancers, such as breast, lung, 

colorectal, and liver cancers. 

Data Extraction: 
Data were extracted on: 

 miRNA Expression Patterns: Identification of miRNAs significantly altered in cancer versus normal tissues. 

 Cancer Types: Types of cancer where specific miRNAs have been implicated. 

 Prognostic Value: Correlation between miRNA expression and clinical outcomes, such as survival rates, 

metastasis, and tumor staging. 

Statistical Analysis: 
The data were summarized qualitatively. Descriptive statistics were used to report the frequency of miRNA involvement 

in various cancer types. Comparative analysis between different cancers was performed, and prognostic associations 

were summarized based on the reported hazard ratios (HR) and p-values. 

 

RESULTS 
Micro RNA Expression in Cancer: 
A total of 25 studies were reviewed, with several miRNAs identified as key players in cancer biology: 

 miR-21: Overexpressed in multiple cancer types, including breast, lung, and colorectal cancers, miR-21 has 

been shown to promote tumor cell proliferation and inhibit apoptosis. In a study by Zhang et al. (2021), elevated 

levels of miR-21 were associated with poor prognosis in breast cancer patients. 

 miR-155: This miRNA has been implicated in several cancers, such as lymphoma, breast, and lung cancer. miR-

155 promotes tumor growth and metastasis by targeting tumor suppressor genes. A study by Chen et al. (2020) 

found that higher expression of miR-155 was linked to advanced-stage lung cancer and worse survival rates. 

 miR-34: A tumor suppressor miRNA, miR-34 regulates cell cycle progression and apoptosis. Loss of miR-34 

expression has been observed in various cancers, including liver and colorectal cancers. miR-34 expression was 

inversely correlated with tumor size and lymph node metastasis in a study by Lee et al. (2019). 

Prognostic Value of miRNAs: 

 In breast cancer, higher expression of miR-21 and miR-155 correlated with poor overall survival (HR = 1.7, p 
= 0.03 for miR-21) (Zhang et al., 2021). 

 In lung cancer, miR-155 expression was significantly higher in advanced stages, and patients with high miR-

155 levels had a shorter median survival time (HR = 2.1, p = 0.02) (Chen et al., 2020). 

 In colorectal cancer, loss of miR-34 expression was associated with higher tumor stages and increased risk of 

recurrence (HR = 1.9, p = 0.01) (Lee et al., 2019). 

 MiRNAs as Diagnostic Biomarkers: MiRNAs are not only useful for prognostic predictions but also serve as 

potential diagnostic biomarkers. Due to their presence in bodily fluids like blood, urine, and saliva, miRNAs 

offer a non-invasive method for cancer detection: 

 Blood-based miRNA testing has been proposed as a potential tool for early cancer detection. A study by Liu et 

al. (2022) showed that elevated levels of miR-21 in plasma were detected in early-stage breast cancer patients, 

suggesting its utility as a diagnostic biomarker. 

 Urine-based miRNA analysis has also shown promise in detecting renal and bladder cancers, with miR-141 

being a particularly strong candidate for non-invasive screening. 

 

Tables 

 

Table 1: MicroRNA Expression in Various Cancers 

miRNA Cancer Type Expression Pattern Prognostic Value 

miR-21 Breast, Lung Overexpressed Poor survival, metastasis 

miR-155 Lung, Lymphoma Overexpressed Poor prognosis, advanced stage 

miR-34 Colorectal, Liver Underexpressed Advanced stage, recurrence 
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Table 2: miRNA Diagnostic Accuracy in Cancer Detection 

Cancer Type miRNA Tested Sensitivity (%) Specificity (%) AUC 

Breast miR-21 85 90 0.91 

Lung miR-155 80 88 0.89 

Colorectal miR-34 78 85 0.87 

 

DISCUSSION 
MiRNAs are emerging as valuable biomarkers in cancer diagnosis and prognosis due to their regulatory roles in gene 

expression and their involvement in various cancer-related pathways. The studies reviewed demonstrate that miRNAs 

like miR-21, miR-155, and miR-34 play significant roles in cancer progression by regulating tumor suppressor genes and 

oncogenes. 

The ability of miRNAs to be detected in bodily fluids makes them particularly attractive for non-invasive cancer 

diagnostics. This could reduce the reliance on more invasive procedures, such as biopsies, and offer patients a more 

accessible option for early cancer detection. miR-21, for instance, has been consistently linked to poor prognosis in 

multiple cancer types, making it a strong candidate for both diagnostic and prognostic applications. 

While the evidence supports the potential of miRNAs as biomarkers, several challenges remain. The clinical integration 

of miRNAs into routine practice requires further validation through large-scale, multicenter studies. Standardized 
protocols for miRNA detection, particularly in liquid biopsies, must be developed to ensure reproducibility and reliability 

across different laboratories and healthcare settings. 

Additionally, the complexity of miRNA interactions with other molecular pathways means that miRNAs must be used in 

conjunction with other biomarkers and clinical data for optimal diagnostic accuracy. Personalized cancer treatment 

strategies based on miRNA profiles hold promise but require additional research into their precise molecular 

mechanisms. 

 

CONCLUSION 
MiRNAs represent a promising class of biomarkers for cancer diagnosis and prognosis. Their ability to regulate gene 

expression and reflect the underlying molecular mechanisms of cancer makes them invaluable tools for both early 

detection and prognostication. With ongoing advancements in liquid biopsy technology, miRNAs could provide a non-

invasive and cost-effective method for cancer screening and monitoring. However, further clinical validation and 

standardization of miRNA detection methods are necessary to fully realize their potential in clinical oncology. 
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